The epoch of the end of reionization and the Thomson optical depth to the cosmic microwave background depend on the power spectrum amplitude on small scales and on the ionizing photon emissivity per unit mass in collapsed halos. In this paper is investigated the role of the radiative feedback effects for the temporal evolution of the ionizing emissivity. It is shown that the observational constrains on hydrogen photo-ionization rate based on Ly-α, Ly-β and Ly-γ Gunn-Peterson troughs and an electron optical depth consistent with the latest CMB measurements requires an emissivity of ∼10 ionizing photons per baryon and Hubble time at z = 6. Through E-mode CMB polarization power spectrum measurements, is expected that Planck experiment will have the sensitivity to distinguish between different histories of stellar evolution.
Introduction
The detailed study of the intergalactic medium (IGM) is fundamentally important for understanding the large-scale structure properties and the galaxy formation process. At the epoch of reionization the collapsed objects began to influence the diffuse gas in the IGM rendered it transparent to the ultraviolet photons. In order to virialize in the potential wells of the dark matter halos, the gas in the IGM must have a mass greater than the Jeans mass M J ∼ 10 5 M ⊙ at a redshift z ∼ 30, corresponding to a virial temperature of T vir ∼ 10 4 K. Photoionization by the high-redshift UV radiation background (UVB) heats the low density gas in the IGM before it falls into the dark matter wells, strongly reducing the fraction of neutral hydrogen and helium that dominate the cooling of the primordial gas at temperatures of T vir .
Reionization is an inhomogeneous process that proceeds in a patchy way. The radiation output associated with the collapsed halos gradually builds up a cosmic UVB. At early times, most of the gas in the IGM is still neutral and the cosmological H II regions around the individual sources do not overlap. At this early stage the gas in the IGM is opaque to the ionization photons, causing fluctuations of both ionization fraction and UVB intensity from region to region. At the reionization redshift the H II regions surrounding the individual sources in the IGM overlap. During reionization, the number of ionizing photons reaching IGM had to be sufficient to ionize every atom in the universe and to balance the recombination.
From the observational point of view, the study of the reionization process itself as well as the properties of the sources driving it is challenged by a variety of observational probes. A powerful observational probe comes from the Lyα absorbtions spectra of the high redshift quasars (Becker et In this paper we study the temporal evolu-tion of the ionizing emissivity in the presence of the radiative transfer effects by using N-body cosmological hydrodinamical simulations at subgalactic scales. Detailed discussion of the simulations can be found in Popa, Burigana 
where: j(ν z , z) is the comoving emission coefficient (in units of 10 −21 erg cm −3 s −1 sr −1 ) computed at emission redshift z and photon fre-
is the effective optical depth at the frequency ν o due to the absorption of the residual gas in the IGM between z o and z and (dt/dz) 3 + Ω Λ is the line element in the ΛCDM cosmology. Above the hydrogen ionization threshold the UV radiation background is processed due to the absorption of residual gas in the IGM dominated by neutral hydrogen and helium. At these frequencies the effective optical depth is given by (see e.g. Haiman, Rees & Loeb, 1997): 
where: i = (H I , He I ) and σ i and n i are the cross section and the number density respectively, corresponding to species i.
The hydrogen photo-ionization rate, Γ γH I (z), is related to the UVB flux, J(ν, z), through:
where σ HI (ν) is the hydrogen photo-ionization (dissociation) cross-section (Abel et al. 1997 ) and ν HI is the hydrogen ionizing threshold frequency (ν HI ≈1Ryd). the corresponding ionization histories with optical depths in the range τ es =0.05 -0.1 (PBM). The main effect of the UV radiation spectrum on the temporal evolution of the ionization fraction is given by the value of the reionization redshift and the redshift interval in which the reionization is completed. As reionization proceeds, the radiative feedback raises the Jeans mass in the ionized regions, suppressing the formation of low mass systems. The net effect is a decrease of the global ionization fraction with cosmic time over a limited period.
Emissivity evolution
The hydrogen photo-ionization rate is related to the ionizing emissivity, ǫ HI (ν, z) through: (4) where λ(ν, z) is the mean free path of the ionizing photons. Assuming σ HI (ν) ∼ ν 3 , then λ(ν, z) can be written as (Miralda-Escudé, 2003):
where λ −1 0 (z), the absorbtions probability per unit length for a photon at ν = ν HI , is given by:
with 
where n b = 2.07 × 10
is the total number density of baryons. Figure 3 presents the evolution with redshift of the mean ionizing emissivity obtained for various reionization histories. Figure 4 presents the dependence of the mean ionizing emissivity on the circular velocity and on the virial mass. For all cases, the experimental constraint on hydrogen photo-ionization rate predicts ∼10 ionizing photons per baryon and Hubble time at at z = 6. The electron optical depth of τ es =0.05 -0.1 requires a mean ionizing emissivity of earlier low-mass halos (virial mass of ∼ 10 6 M ⊙ ) of order unity. The emissivity of halos at z =6 (v circ ≈50 kms 
where f coll (z, T h ) and f coll (z, T c ) are the collapse fractions for the regions with the temperature higher than the virial temperatures T h = 2.5 × 10 4 K and T c = 10 
Implications for the CMB E-mode polarization
The CMB anisotropy temperature, C T (l), and E-mode polarization, C E (l), power spectra corresponding to the various ionization histories are presented in Figure 6 . While C T (l) power spectra are almost degenerated, the differences in different reionization histories produce undegenerated signatures on C E (l) power spectra at low multipoles (l ≤ 50). This can be explained by the fact that while polarization is projecting from the epoch of reionization at angular frequencies l = k(η 0 − η ri ) ( here k is the wave number, η 0 and η ri are the conformal times today and at the epoch of reionization) the temperature is projecting from the (further) last scattering surface.
It is expected that through E-mode CMB polarization power spectrum measurements, the Planck experiment will have the sensitivity to distinguish between different histories of stellar evolution even they imply the same optical depth to electron scattering and degenerated C T power spectra (PBM).
